Abstract: The CP violating asymmetry between the partial decay rates of H + → W + h 0 and H − → W − h 0 is calculated at one-loop level in MSSM with complex parameters. The dependence on the phases of A τ and M 1 is discussed. Different values of tan β are considered. The asymmetry is up to the order of 10 −2 .
Introduction
The Minimal Supersymmetric Standard Model (MSSM) implies the existence of a pair of charged Higgs bosons H ± . At tree level there are three possible decay modes of H ± into ordinary particles: H + → tb, H + → ντ + and H + → W + h 0 where h 0 is the lightest neutral Higgs boson. The lighter fermions from the first two generations and the heavier neutral Higgs bosons are not considered. Loop corrections due to a Lagrangian with CP violating phases lead to decay rate asymmetries between the partial decay widths of H + and H − and that would be a clear signal of CP violation. In refs. [1] and [2] such decay rate asymmetries are considered in the MSSM with complex phases for the quark decay mode H + → tb -the asymmetry δ tb , and for the lepton decay mode H + → ντ -the asymmetry δ ντ . In order to finalize this investigation we consider here the decay rate asymmetry of H ± → W ± h 0 :
We shall work in one-loop approximation in MSSM with complex parameters. Within MSSM the new sources of CP violation are the phase of the higgsino mass parameter µ, the two phases of the gaugino masses M i , i = 1, 2, 3, and the phases of the trilinear couplings of the fermions f , A f . Especially the latter ones are practically unconstrained.
Discussing CP violation in the decay widths, we must keep in mind the branching ratios of the relevant decay modes. H + → ντ + is significant for low m H + , below thetb threshold. This determines the sensitivity of δ ντ to lightντ andχ 0χ± in the loops, i.e. to the phases φ τ and φ 1 of A τ and M 1 . The decay H + → tb dominates for high m H + , which determines the sensitivity of δ tb to the phases of A t and A b . The complication with the decay H + → W + h 0 is that the final state h 0 is not observed yet and m h 0 is an unknown parameter. However, once m H + and tan β are fixed, the SUSY structure of the theory determines uniquely both m h 0 and the coupling H + W − h 0 . There are two consequences that are important for us. First, increasing m H + , the mass m h 0 is saturated approaching its maximum value. At tree level this is particularly simple: m h 0 ≤ m max h 0 = m Z | cos 2β| [3] , while including QCD and SUSY radiative corrections m max h 0 can be increased considerably, m max h 0 ≃ 130 GeV (for a recent review see [4] and the refs. therein). There is also an experimental bound for m h 0 , m h 0 ≥ 96 GeV [5] . Thus, respecting both the experimental and theoretical bounds, we shall consider m h 0 in the range 96 ≤ m h 0 ≤ 130 GeV. In this range of m h 0 , for m H + > m W + m h 0 we are already in the saturation regime where we may keep m H + and m h 0 as independent parameters. The second consequence concerns the H + W − h 0 coupling which determines the Br(H + → W + h 0 ). Increasing m H + it quickly falls down and depending on tan β we can enter the so called decoupling limit, cos 2 (β − α) → 0, where the Br(H + → W + h 0 ) almost vanishes. This imposes severe restrictions on m H + and tan β. In order to keep the value of Br(H + → W + h 0 ) at the level of few percents, we shall consider 200 ≤ m H + ≤ 400 GeV, and low tan β, 3 ≤ tan β ≤ 9 (tan β ≤ 3 is already excluded from the Higgs searches at LEP [5] ). In accordance with this, δ W h 0 will receive contributions from theντ ± andχ 0χ± loops and thus sensitive to the phases φ τ and φ 1 . The masses of the squarks are expected to be heavier and so will not contribute in the considered range of m H + . According to the experimental limits on the electric dipole moments of the electron and the neutron, we assume a zero phase for the Higgsino mass parameter µ, φ µ = 0.
The paper is organized as follows. In the next section we present the analytic expression for the asymmetry. In Section 3 we discuss the numerical results in MSSM. We end up with a conclusion. There are two Appendicies -with the Lagrangian and with the analytic expressions for the imaginary parts of the Passarino Veltmann (PV) integrals.
The asymmetry
We write the matrix elements of H + → W + h 0 and H − → W − h 0 in the form:
where ε λ α (p W ) is the polarization vector of W ± , Y ± are the loop corrected couplings:
Here y is the tree level coupling:
and δY
Here:
At tree level the decay widths of H + and H − are equal and there is no CP violation:
CP violation is induced by loop corrections. They have CP-invariant and CP-violating contributions:
and each one has real and imaginary parts:
The asymmetry δ W h 0 of the partial decay widths is determined by ℜe(δY CP k ):
i.e. by the absorptive parts of the amplitude. From (1.1), (2.4) and (2.6) we obtain:
where the sum is over the loops with CP-violation. We work in MSSM with complex parameters. The Lagrangian is in Appendix A. Two types of radiative corrections contribute to δY CP k -with sneutrinos and staus (Fig.1a ,b,c), and with charginos and neutralinos (Fig.1d ,e,f) in the loops. (Note that the radiative corrections with ordinary quarks are CP invariant.) The full analytic expressions for δY k are rather lengthy but they considerably symplify for ℜe(δY CP k ). For the loops with staus and sneutrinos we have:
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The loops with charginos and neutralinos give:
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Numerical Results
Here we present our numerical analysis for the dependence of δ W h 0 on the MSSM parameters. Taking In order not to vary too many parameters we fix part of the SUSY parameter space:
|A τ | = 500 GeV, |µ| = 150 GeV. tan β is considered in the interval 3 ≤ tan β ≤ 9.
As it is well known, in order δ W h 0 to be nonzero we need both new decay channels opened and CP violating phases. In accordance with this we have three cases: i) when only the decay channels H + →ντ + n are opened (Fig. (1a,b,c) ). Then the phase φ τ is responsible for CP violation. ii) when the decay channels H + →χ + iχ 0 k are opened only (Fig. (1d,e,f) ). In this case CP violation is due to the phase φ 1 , and iii) when both H + →ντ + n and H + →χ + iχ 0 k decay channels are kinematically allowed ( all diagrams of Fig.1 ). In this case the two phases φ τ and φ 1 contribute.
Examples of the asymmetry as function of m + H for cases i) and ii) are shown on Fig.2 for different values of tan β. The relevant SUSY mass spectrum is presented in Table 1 . The two cases are obtained taking φ τ = 0, φ 1 =0 for case i) and φ τ = 0, φ 1 = 0 for case ii) 1 . It is clearly seen that in both cases the asymmetry strongly increases with tan β. It is also seen that for m H + ≤ 300 GeV the asymmetry is dominated by the light staus and sneutrinos in the SUSY mass spectrum, while for m H + ≥ 300 GeV , the asymmetry is determined by charginos and neutralinos. The contribution from the lightestχ +χ0 is negligible and |δ W h 0 | < 10 −3 for m H + < 300 GeV; the asymmetry reaches 10 −2 when the heavierχ +χ0 become kinematically allowed at m H + > 350 GeV. Case iii), when all relevant SUSY particles can be light, is described by the algebraic sum of the two graphs at a given tan β and we don't present it separately. In all these cases the asymmetry does not exceed few percents. For example, for tan β = 9, at m H + = 237 GeV, φ τ = −0.43π, φ 1 = −0.68π the CP-violating asymmetry reaches its maximum δ W h 0 = 2.10 −2 .
Up to now, all presented results are for the phase of µ zero, φ µ = 0. As is shown in [7] , a large phase φ µ is not impossible, it would require fine-tuning between the phase φ µ and the other SUSY parameters. The effect of a non zero phase φ µ is seen on Fig.3 , where the dependence of the asymmetry on the two other phases is shown. Note that for case i) (Fig.3a) , even for φ µ = 0 the maximal effect is not for φ τ = −π/2 (but for φ τ ⋍ −1.33) and this value is almost independent of tan β. In both of the cases i) and ii) φ µ = 0 shifts the position of the maximum without changing the form of the curve. The asymmetry however increases if loops withχ +χ0 contribute (case ii) -see Fig.3b ).
Conclusions
We have considered the CP violating asymmetry δ W h 0 of the decay rate difference between H + → W + h 0 and H − → W − h 0 in one loop approximation in MSSM with complex parameters. This decay is important for relatively low m H + and tan β. This in turn determines the importance of δ W h 0 only if there are relatively low SUSY masses. We have considered the contribution from mν and mτ , and/or mχ+ and mχ0 in the loops. Typical values for the asymmetry are about 10 −2 ÷ 10 −3 , the main contributions being fromν andτ for m H + < 300 GeV, and fromχ + andχ 0 for m H + ≥ 300 GeV. The dependence on different values of tan β is examined.
The charged H ± will be produced at the Tevatron in FermiLab if m H + < 200 GeV, and at LHC if m H + < 1000 GeV. However the planned luminosities are too low to observe such a signal [8] . More promising are the linear e + e − colliders. In this case the main production mechanism will be e + e − → H + H − and thus one would need √ s > 2m H + . This implies that at the NLC, already at √ s = 500 GeV, at high enough luminosity, such an asymmetry could be measured.
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A. Lagrangian with complex couplings
The mass matrices and their diagonalization matrices are defined in the Appendicies A of [1] -for charginos and neutralinos, and of [2] -for staus and sneutrino. Here we give only the pieces of the interaction Lagrangian we use.
Lagrangian with neutral Higgses
B ij = sin α Q ij − cos α S ij , 
Lagrangian with charged Higgses

